The comparison of SPME fiber coatings, and optimization of temperature and time of extraction for headspace solid phase microextraction (HS-SPME) of volatile organic compounds (VOCs) present in Pouteria sapota (sapote mamey) fruits is presented. The PDMS/DVB coating afforded the highest extraction efficiency. The extraction conditions were optimized by using Doehlert experimental design. By using the optimized HS-SPME method, 21 VOCs were identified, which include mainly terpenoids and esters, followed by aromatic hydrocarbons, aldehydes, alcohols and ketones. The most abundant compounds in Pouteria sapota pulp were cedrol (25.0%), azulene (7.3%), β-ionone (5.7%) naphthalene (5.6%), α-pinene (5.0%), and benzaldehyde (4.3%). Seventeen VOCs were identified for the first time in the fruit.
Headspace solid phase microextraction (HS-SPME) coupled to gas chromatography-mass spectrometry (GC-MS), has been widely used for the study and identification of volatile organic compounds (VOCs) present in a wide array of plants [6] [7] [8] [9] and fruits [10] [11] [12] [13] [14] . Solid phase microextraction (SPME) is a simple, effective, costsaving and solvent-free methodology for the analysis of VOCs and aromas in fruits [15] . The technique merges sampling, extraction and concentration of the VOCs present in the sample in a single step. Moreover, the major advantage of SPME when compared with distillation approaches, such as steam distillation-solvent extraction, is lack of production of artefacts [13, 15] . Hence, in this research we identified the volatile composition of P. sapota fruit by HS-SPME-GC-MS. In addition, the optimization of key factors that improves HS-SPME efficiency were also assessed. To our knowledge this is the first report on the volatile organic compounds of sapote mamey fruit using HS-SPME-GC-MS.
To improve the efficiency of HS-SPME analysis, optimization of the critical factors that influence the extraction, such as selection of the appropriate SPME fiber coating, extraction temperature, and time of extraction is required [13, 15] . The type and concentration of compounds extracted from an analytical matrix relies heavily on the chemical and physical properties of the SPME fiber coating. The performance of four fiber coatings was assessed for the extraction of aroma compounds from sapote mamey, PDMS (polydimethylsiloxane), CAR/PDMS (carboxen/polydimethylsiloxane), PDMS/DVB (polydimethylsiloxane/divinylbenzene) and DVB/CAR/PDMS (divinylbenzene/carboxen/polydimethylsiloxane). All extractions were performed under the same conditions so that the total area, and the number of the identified compounds reflects the efficacy of the fiber. The total peak area of the identified compounds obtained with each fiber was normalized, taking the total area achieved with the PDMS/DVB fiber as 100, as this fiber gave the highest recovery of the compounds present in the sample. PDMS fiber (21%) exhibited the lowest recovery of identified compounds, indicating the more polar composition of the volatile constituents of the fruit. The mixed coating fibers CAR/PDMS, DVB/CAR/PDMS, and PDMS/DVB showed an extraction efficiency of 35%, 94% and 100%, respectively. These fibers allow the extraction of polar as well as non polar volatile compounds [16] . Under the experimental conditions used, PDMS/DVB had a very close extraction capability to DVB/CAR/PDMS fiber in terms of total area of compounds detected, but the first allowed the extraction of a higher number of compounds, i.e., 21 and 17 compounds, respectively. PDMS/DVB fiber has a liquid polydimethylsiloxane and a porous solid divinylbenzene phase, which favors the extraction of non-polar and polar volatiles compounds, respectively. Thus, taking into account the sensitivity and the number of compounds extracted, PDMS/DVB fiber was selected for further experiments.
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Multivariate experimental design techniques, such as Doehlert design, have been used for optimization of variables that impact SPME extraction of aroma compounds from tropical fruits [13, 17] . In this study, two factors that allow for the most favorable SPME extraction of aroma compounds from fruits, extraction temperature and time of extraction, were optimized by using the Doehlert design model. This second-order shell design was chosen as this is more easily applied and requires lesser number of experiments than BoxBehnken and central composite designs. The two level Doehlert design used in this study is shown in Table 1 . Based on the sum of the identified peaks areas, the maximum values for both studied HS-SPME parameters, extraction temperature and time of extraction, the surface plot ( Figure 1 ) were obtained. Thus, the optimal extraction conditions were achieved at 70 min, and at 87°C. The regression equation of variables, extraction temperature (T), time of extraction (t), and the response (total area), determined from the application of the Doehlert model was:
Total Area = -9.1E 8 In general, as extraction temperature and time of extraction increase a larger amount of compounds are extracted from the fruit. Due to the thermal instability of volatile metabolites at high temperatures, which might lead to the formation of artifacts, the experimental research was done at an extraction temperature of 65°C, and a time of extraction of 50 min. The main VOCs that contributes to the flavor of P. sapota fruit with their Kovat's retention indices and percentages are presented in Table 2 .
The volatile constituents of sapote mamey fruits analyzed by HS-SPME-GC-MS allowed for the identification of 21 volatile compounds. Six sesquiterpenoids and six esters were the main compounds identified, followed by four monoterpenes, two aromatic hydrocarbons, one alcohol, one aldehyde, and one ketone. Our results revealed that the main volatile compounds of P. sapota were cedrol (25.0%), followed by azulene (7.3%), β-ionone (5.7%) naphthalene (5.6%), α-pinene (5.0%), and benzaldehyde (4.3%). Overall, terpenoids and esters are the predominant VOCs of sapote mamey, representing 56.7% and 17.5% of the detected compounds, respectively. The main terpenoids contributing to the aroma of sapote mamey fruit are cedrol, β-ionone, α-pinene, and β-cadinene. Terpenoids in plants are biosynthesized through the mevalonate pathway (active in the cytosol), or from the 2-C-methyl-Derythritol-4-phosphate (MEP) pathway [18] . These compounds contribute significantly to the flavor of fruits, and therefore, to their quality. On the other hand, esters are essential in the fruit ripening and their contribution to the aroma of fruits increases as the fruits ripen [12] . The major esters detected in this study were methyl oleate, methyl isomyristate, and methyl myristate, respectively.
Earlier study on the volatile composition of sapote mamey has been assessed using simultaneous steam distillation-solvent extraction [5] , yet to our knowledge, our study is the first that has used HS-SPME for extraction of the aroma components of sapote mamey fruit. Although, four compounds, namely α-pinene, benzaldehyde, 4-terpineol and methyl palmitate, have been previously identified in sapote mamey fruit [5] , our research reports for the first time the presence of 17 VOCs in the fruit.
HS-SPME-GC-MS has shown to be a reliable and effective methodology for establishment of the volatile composition of P. sapota fruit. PDMS/DVB coating was the most suitable for extraction of VOCs from the fruit for HS-SPME studies. The HS-SPME optimization study showed that the best response is achieved with increment in the extraction temperature, and time of extraction; nevertheless, a lower extraction temperature, and time of extraction is recommended to prevent the formation of artifacts. The
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Experimental
Fruits samples: Fresh sapote mamey fruits were obtained from the local market in Panama City, Panama, and identified by Alex Espinosa, taxonomist of CIFLORPAN. The fruits were chosen based on ripeness (red color and softness of the pulp), and absence of defects. The fruits were washed thoroughly under water, and the skin and seeds removed from the pulp. The fruit flesh was then homogenized and frozen at -20°C until analysis.
Headspace solid-phase microextraction (HSPME) optimization procedure: For selection of the most suitable fiber, four commercially available SPME fibers (Supelco, Bellefonte, PA, USA) were evaluated: PDMS (polydimethylsiloxane, 100 μm), CAR/PDMS (carboxen/polydimethylsiloxane, 85 μm), PDMS/DVB (polydimethylsiloxane/divinylbenzene, 65 μm) and DVB/CAR/PDMS (divinylbenzene/carboxen/polydimethylsiloxane, 50/30 μm). Fibers were conditioned following the manufacturer's recommendations before their use.
For each analysis, 1.0 g of mature P. sapota pulp was transferred to a 10-mL screw-cap vial. Then, 1 mL of NaCl solution (125 mg/mL) was added to facilitate extraction of volatile compounds. Samples were analyzed by using an incubation and extraction time of 15 and 50 min respectively; whereas the extraction temperature was set at 60ºC under permanent magnetic stirring.
Optimization of two main factors conditioning the extraction of VOCs by HS-SPME, extraction temperature (60-100ºC), and time of extraction (30-90 min), were achieved by the application of a Doehlert design using the PDMS/DVB fiber. The total area of identified VOCs was used as the response. Statistical analysis of the Doehlert experimental design was done using the Statgraphics Centurion (Statistical Graphics, Rockville, MD) software.
Analysis of volatile compounds by HS-SPME-GC-MS:
Analysis of the sapote mamey samples was done by using a PDMS/DVB fiber. A blank test was done before each analysis to verify for possible carry-over effect. 1g of each sample and 1 mL of NaCl solution were added in a 10 mL hermetically sealed vial. The PDMS/DVB fiber was then exposed to the headspace of the sample and maintained there for 50 min in a thermostatic bath at 65°C. All experiments were done under constant stirring of 400 rpm. Each experiment was repeated three times. After extraction of the volatile compounds, the SPME fiber was transferred to the GC. Desorption was performed at 250 ºC into the GC injection port (splitless mode) of an Agilent 6890 N GC coupled to a mass spectrometer Agilent 5975 C (Agilent Technologies Inc., Palo Alto, CA, USA), during 15 min. This equipment was equipped with a DB-5MS capillary column (30 m x 0.25 mm i.d., df = 0.25μm). The temperature of the GC was programmed from 50°C (2 min), then raised to 240°C at 6°C/min, and held for 5 min. Purified Helium was used as carrier gas at 1. 
